An opportunity to study the iiechanisin in pre-excitation was provided by 3 patients with unusual features: coexistence of right bundle-branch block and pre-excitation, occurrence of 2 types of anomalous ventricular complex, and simultaneous occurrence of pre-excitation and varying grades of atrioventricular block (first degree to complete). The presence of infarction ill the anterior and posterior walls of the left ventricle, aiid of the interventricular septuni, apparently does not, alter the aniomnalous mechanism ill the cases studied (cases 2 and 4).
occurrence of 2 types of anomalous ventricular complex, and simultaneous occurrence of pre-excitation and varying grades of atrioventricular block (first degree to complete). The conclusion was reached that a functioning structural atrioventricular neuromiiuscular bypass is present in these cases.
ALTHOIJGII there is general agreement that premature depolarization of a fraction of ventricular muscle accounts for the abnormal electrocardiogram in the WolffParkinson-White syndrome, there is considerable difference of opinion as to the manner iii which it is brought about.' The problem has been investigated in many ways: study of the electric phenomena associated with the heart beat; the effect on the cardiac mechanism of various pharnmacologic agents and maneuvers, includin(g exercise and carotid sinus stimulation ;2 experimental procedures in both animals aiid mnait aimed at, or inadvertently producing, electrocardiograms resembling those occurring naturally in patients with the disorder; the anatomic demonstratioii of accessorv atrioventricular (A-V) tracts; and the experimental creation of a short circuit between quence of accelerated (onduction ill the tisstues of the A-V node. 4 Evideiice bearing onl the problem will be presented iii this paper consisting ill vectorcardiographic observations, amialysis of arrhythmias, and the demoiistration of retrograde conductioii from ventricles to atria via ani accessory pathway. (H) A-VI connections were used by the accelerated impulse. While it is possible on theoretical grounds that accelerated conduction might occur near an area of injury, or in areas suffering from some marginal deficiency, there is no proof of such injury and iio proof that accelerated conduction actually occurs under the specified conditions.6 Moreover, such a situation, if it existed, would probably be unstable and temporary.
The diversity and specific nature of the cases studied make it appear unlikely that an anomalous center of impulse formation is responsible for the abnormal vectorcardiogran in all of them.
Finally, all that is required to reconcile the diversity of the cases and the striking similarity of the spatial orientation of the earliest forces of depolarization is the existence of an anatomic functioning accessory pathway located in approximately the same area in all 4 cases.
Arrhythmias
The the P-R interval is abbreviated, and is even shorter than the anomalous P-R interval associated with the sinoatrial rhythm.
A longer paroxysm, again displaying the rare type of ventricular complex, is seen in figure 7 , top, and, like the shorter one, is iniitiated by a premature atrial contraction. The QRS-T deflections present with the sinioatrial mechanism before and after the paroxysm are of the commoii variety. As inl the shorter paroxysm ( fig. 6 , mliddle) the abbreviated P-R interval is shorter than the anomalous P-R interval during the dominance of sinoatrial rhythm. The cycle length initiating the paroxysm is the same in both; and the rate is 166 per minute in both.
A paroxysm with anl identical rate, 166 per minute, but with normal ventricular complexes and normal P-R interval is shown iii figure 7, bottom. The evele length of the ventricular complex initiating the paroxysm is slightly longer than that of the corresponding beats in figures 6, middle and 7, top and longer than the cycle length in the remainder of the paroxysm. This is the result of the longer transmission interval through the A-V node compared to that through the anomalous pathway. The P-R interval is identical in all 3 paroxysms. Prolongation of the R-R interval does not occur in figures 6, middle, and 7. top, because the first QRS in each paroxysm represents a change from one anomalous pathway to the other with the onset of the paroxysm, rather than a shift from an anomalous pathway to the normal A-V connections. The first QRS-T complex of the paroxysm in figure 7, bottom, is differemit from both the normal and the anomalous beats, probably due to the sudden shortening of the cycle length and consequenmt aberrant intraventricular conduetion.
Both paroxysins in figure 7 are followed, after 2 sinus beats, by a ventricular premature contractioii with a compensatory pause.
The ectopic atrial pacemaker responsible for the tachycardia in figures 6, middle, and 7, top and middle, is the same in all the paroxysms. In figures 6, middle, and 7, top the P-R interval is abbreviated and the QRS-T complex is anomalous, presumably because the ectopic impulse is conducted over a bypass, the one which is rarely used when the heart rate is slow, and the pacemaker is in the S-A node (fig. 6 , top) ; in figure 7, bottom, the impulse reaches the ventricles via the normal atrioveiitricular connections, consequently the P-R interval and the QRS-T complex are of normal length. 
. a . e t r t i n t X X g E E f f i t -. ] I the common type of ventricular complex. The coupling of the premature beats is fixed, but different from that which initiates the paroxysms of tachycardia, and the cycle length during the rapid heart action. The basic heart rate is variable, so that the fixed coupling suggests a re-entrant phenomenon. Since the course pursued by the anomalous impulse is different for each type of complex, it is unlikely that the re-entrant area lies within the anomalous pathway. The fixed coupling and morphology of the premature beats must mean that part of the sinus impulse traverses the normal A-V connections and somewhere along this pathway encounters the re-entrant area.
The cycle length of the premature beat in figure 6 , top, differs from that of the ventricular premature beats. This beat is inorphologically similar to the prevailing sinus complexes and there is no compensatory pause. --------- The electrocardiogram in figure 8 reveals pre-excitation. Most of the beats are normal, but anomalous complexes occur singly, and in groups of 2 or 3. The " normal " P-R interval is constant at 0.19 second, and the anomalous P-R interval is 0.13 second; the P-J interval of the normal and anomalous complexes is 0.27 second. A sharp upward deflection follows the delta wave in the anomalous ventricular complexes in lead II.
The electrocardiogram in figiure 9 discloses first degree A-V block, and normal ventricular complexes with a single exception ill lead II; the rhythm is bigeminal. The' P-R interval Note sharp upstroke of R following delta of the first beat in every pair is 0.18, and of the second beat 0.19 to 0.31 second. The P-J interval of the first beat of every pair and of the single anomalous complex in lead II, is 0.28 second. Inverted P waves (P') are superimposed on the S-T segments of the beats which initiate the long pauses, i.e., the second beat of each pair, and the third beat of the triad. The ventricular complexes which precede the P' deflections invariably are of the normal variety. There are 36 normal and 1 anomalous complex, and 18 inverted P waves.
The RP' intervals are constant at 0.12 second.
The electrocardiogram in figure 10 In this circumstance all the QRS-T complexes in the group are abnormal, and the P wave which follows the last QRS-T is blocked (Wenckebach phenomenon). The anomalous P-R interval is constant, but the "normal" P-R interval varies between 0.31 and 0.39 second; the P-P intervals, at times, display progressive lengthening. The first beat in each group is anomalous. The QRS-T complex preceding the inverted P wave is normal without exception, whether or not the group contains 2, 3, or more beats. The first beat of every group displays a sharp upstroke or downstroke which is missing in the subsequent anomalous beats. The RP' intervals are constant at 0.12 second. The entire tracing contains 12 normal and 37 anomalous beats, and 11 inverted P waves.
The electrocardiogram reproduced in figure 11 is normal; the P-R interval is constant at 0.19 second.
INTERPRETATION OF ElLECTROCARDIOGRAMS
The sharply inverted P waves are characteri-;tic of retrograde conduction, either via the A-V node, or an accessory muscular bridge conneeting the lower and upper chambers.
Retrograde conduction of the sinoatrial impulse by way of re-entry through the A-V node may occur when the combination of retarded antegrade conduction in one section of the node and unidirectional block in another exists; if the P-R interval is sufficiently prolonged, retrograde conduction through the area of unidirectional block will occur. The presence of retrograde P waves after normal P-R intervals ( fig. 9 ) excludes this possibility in the case under discussion.
The other possibility, retrograde conduction through an accessory A-V pathway, is supported by the facts. Inverted P waves never follow anomalous complexes because the muscular bypass ef, just having transmitted the sinus impulse to the ventricles, and the activated myocardium at f ( fig. 12) figure  9 ; the second QRS-T of each group of beats is followed by an inverted P with a single excep- in lead II; the third beat of the triad, however, is normal and is followed by a retrograde P wave. The interdependence of inverted P waves and normal ventricular complexes is indicated by their respective incidence in figures 9 and 10; the lack of complete numerical correspondence between normal ventricular complexes and inverted P waves is due to the fact that retrograde conduction does not occur unless there is prolongation, no matter how slight, of the normal P-R interval ( fig. 12) . Inverted P waves never occur after the first QRS-T of a group of beats, either because the leading beat is anomalous, as it is, without exception, in figure 10, or because the "normal" P-R interval of the first beat of a group is not long enough, as in figure 9 .
If one offshoot of the sinus impulse in the first beat of each pair in figure 9 is conducted through the A-V node, and another simultaneously penetrates the accessory A-V bridge but is not delivered to ventricular muscle, abnormal prolongation of the refractory period of the anomalous bundle must be the cause.
This refractoriness prevents retrograde conduction through the accessory A-V connection when the normal depolarization front reaches the ventricular portion of the bypass f ( fig. 12) . However, minimal increase in the normal P-R interval (second beat of each pair in figure 9 ) allows complete recovery by the time the normal depolarization wave reaches f; retrograde conduction follows. The capricious and unpredictable appearance and disappearance of anomalous beats in pre-excitation may be explained by this characteristic of the accessory tract. Changes in vagal tone and in heart rate are the known factors that influence the refractory period and thereby affect conduction. The pattern of increasing P-P and P-R intervals in figure 10 is undoubtedly a manifestation of changing vagal tone. Data of a different sort, presented elsewhere,8 led to the conclusion that vagal control plays an important part in anomalous conduction.
Retrograde conduction via a muscular bypass is consistent with the brevity and constancy of the R-P' intervals, despite the range of the preceding P-R intervals. It is probably more than coincidence that the anomalous P-R interval and the R-P' interval are approximately of the same order of magnitude; the anomalous P-R interval is a measure of conduction time over pathway aef, while the R-P' interval is a measure of conduction time over pathway dyfe ( fig. 12 ) the anomalous tract, ef, with a transmission interval estimated to be 0.06 second, is common to both pathways.
The R-P' interval is remarkably constant, aiid is 0.12 second regardless of the length of the preceding P-R interval. It is similar, in this respect, to the remarkable constancy of the anomalous P-R interval under widely varying conditions. Undoubtedly a single explanation is applicable to both phenomena, involving, in part, a single pathway for the impulse which is responsible for the anomalous P-R interval and for the retrograde RP' interval; this is the tract ef. Since the QRS interval of the normal beats displays no variations, the transmission interval dgf ( fig. 12) will be constant. There is no reason to suppose that variations in atrial transmission rates occur under the existing conditions; indeed, the duration of the P waves is constant throughout all the electrocardiograms. Therefore, if the tissues of the common pathway arc endowed with an extremely brief relative refractorv period, variations (first degree block) of the conduction interval will not occur though complete block will; this is in keeping with the facts.
The P waves are sharply inverted because the atrial end of the muscular bypass is far removed from the S-A node, lying either near the A-V node, or in the left atrium. Since the A-V node is asymmetrical in relation to the atrial mass the mean axis of atrial depolarization'will be oriented to the left when retrograde conduction begiis near the A-V node, and to the right when the bypass is connected to the left atrium. Consequently the P' deflection in lead I will be upright (or diphasic) in the former and inverted in the latter situation. In the case under discussion the P' waves in lead I are inverted, suggesting that the atrial end of the bypass is related to the left atrium.
Other mechanisms that have to be eonsid- If it is agreed that direct stimulation of one chamber by another does not occur, the electrocardiographic data here discussed can be iiiterpreted to mean that a muscular bridge, probably the one which is responsible for the inverted P waves, is the same pathway WOLFF that conducts the anomalous sinus impulse to the ventricles and produces the delta wave. This is deduced under the stated conditions from the fact that the anomalous P-R interval is fixed, despite the presence of variable first degree and high grade A-V block of the normal A-V bridge.
The conclusion is warranted that the mechatiusm responsible for the Wolff-ParkinsonWhite syndrome is a functioning structural accessory A-V bridge that bypasses the A-V node, where normally the impulse is delayed. Early delivery of the impulse to the lower chambers initiates premature ventricular activation with consequent shortening of the P-R interval and lengthening of the QRS interval. Retrograde conduction through the same pathway occurs, and is a possible explanation for the atrial arrhythmias that occur in the syndrome. The noteworthy observation that the anomalous P-R interval and the retrograde R-P' interval are constant under a wide variety of conditions strongly suggests that part of these transmission intervals is a measure of conduction time through one and the same pathway. 
SUMMARY

